In this research, we study why prefiltering is necessary for discrete multiwavelet transforms. We propose a method t o generate prefilters given a set of multiwavelet filterbanks, where they are called good prefitters.
Introduction
Recently, multiwavelets have attracted much attention due to their nice properties, where several mother wavelet functions were used to expand a function. It is known that multiresolution analysis plays an important role in singlewavelet transforms. Similarly, multiresolution analysis is also very important in multiwavelet transforms. With multiresolution analysis structure wavelet transform coefficients with single mother wavelet function can be computed by using pyramid algorithms, such as Mallat's algorithm and Shensa's algorithm, see [6-81. These algorithms are based on the quadrature mirror filters H ( w ) and C ( w ) . The rationale for these algorithms is that the samples f(n/2 J, of a signal f for a large J are close to the orthogonal projection coefficients CJ,,, of f onto the multiresolution analysis space VJ. This, however, is no longer true for multiwavelets. In Section 2, we will discuss it in more details.
In this research, we first see why the direct pyramid algorithm with a set of multiwavelet filterbank does not work in general for computing multiwavelet coefficients. We then propose a prefiltered pyramid algorithm for computing multiwavelet transform coefficients. The proposed algorithm is based on a pre/post conventional multirate filter bank and a tree-structured multirate vector filter bank [5] . We investigate how the properties of the pre and post filters are reflected in the system as a whole. In particular we examine the relation between these filters and the lowpass and bandpass properties of the system. We call these filters, which provide a good match with the whole system. good pre/post filters. For any given multiwavelets, we are able t o determine good prefilters associated to them, which are wavelet dependent.
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G k e S W k . and k E Z can be solved from f(n/2) as follows [l] . Then, the above decomposition and reconstruction can be represented by a modified tree-structured vector filter bank shown in Fig. 1 (a) and (b), respectively. Notice that the above procedure was used in [3] in image processing applications.
(2.3)
Let Q ( w ) be the polyphase matrix oil QI ( w ) and Q2(w) with sampling rate 2, i.e., (2.17) T h e decomposition and reconstruction in Fig. 1 can be split into two separate systems shown in Fig. 2 , where the one in (a) is a conventional ?-channel iilter bank and the one in (b) is a 2-channel vector filter lbank [5] . We have the following straightforward result. Fig. 1 is equivalent to the perfect reconstruction properties of the two systems in Fig. 21(a),(b) .
Prop 1. T h e perfect reconstruction property of the system in
Proposition I tells us that the system in Fig. 1 gives perfect reconstruction as long as the s,ystem in Fig. ?(a) gives perfect reconstruction. This sug5;ests that one may use other polyphase matrices Q(w) and P(w) rather than the ones in (2.17) and (2.16). This allows much freedom for choosing Q(w) and P(w). The question is which one is desired. To study this question, we restudy the system in Fig. 1 [4] . When c i , o , k can not be solved from the samples f ( n / M ) , we don't have a system like the one in Fig. 1 to exactly compute the multiwavelet series transform coefficients from the samples. In this case, we don't have Q(w) and P ( w ) associated like the above 2 wavelet case. We then have to use other Q ( w ) and P ( w ) such that Q(w)P(w) = IN. We also use the low/bandpass criterion to choose these pre/post filters.
How Prefiltering
Let H(w)Q(w) be the polyphase matrix of F r ( w ) , 1 = 1,2, and G ( w ) Q ( w ) be the polyphase matrix of G i ( w ) , 1 = 1,2, as before. In the following, we study the conditions on Q(w) and P(w) given H(w) and G ( w ) such that
In the case that (3.1)-(3.2) can not be satisfied, we consider the following relaxed conditions on Q(w) and P(w) given
H ( w ) and G ( w ) :
Hr(x) = € 1 , 1 = 1,2' Necessary and sufficient conditions on the existence of good prefilters were discussed in [4] . A family of good prefilters for the GHM 2 multiwavelets is given: 
Conclusion
In this paper, we showed why prefiltering for multiwavelet transforms is necessary and proposed a method for prefiltering. Numerical results showed that better energy compaction may be achieved with prefiltered multiwavelet transforms. The main reason behiqd it is that-the frequency responses of all the filters H i ( w ) and G [ ( w ) for multiwavelet transforms are significantly smaller a t high frequencies compared to to the peaks at other frequencies and moreover the perfect reconstruction is still maintained, that is impossible for the filters for single wavelets (orthogonal or biorthogonal wavelets). 
